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(54) Head-up display having installation mechanism 

(57) A second supporting section (13) installed 
detachably on a supporting surface (10) is connected to 
a first supporting section (12) installed detachably on a 
head-up display (1). such that the supporting sections 
can move relative to each other. Receiving sections 
(31a. 31b, 31c, 31d) provided on the under side (2a) of 
the head-up display (1) comprises receiving surface 
(33). The receiving surface (33) faces the under side 
(2a) of the head-up display (1) via a gap. The first sup- 
porting section (12) comprises a inserting section (35). 
The inserting section (35) is forced removably along the 
under side (2a) of the head-up display (1) into the gap 
between the receiving surface (33) and the under side 
(2a) of the head-up display (1 ). By means of the force fit 
of the inserting section (35) into the gap, the under side 
(2a) of the head-up display (1) engages with the upper 
surface of the first supporting section (12). This support 
can mount a head-up display on car dashboards (5) and 
adjust its orientation to display navigation information 
correctly. 



Fig. 1 
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Description 

Field of the Invention 

The present invention relates to a head-up display 
having an installation mechanism for installing it on a 
desired supporting surface, which is suitable for mount- 
ing in a means of transport, such as a car. ship, or the 
like. 

Description of the Related Art 

A variety of display devices are installed in cars, 
ships, and the like. A head-up display (HUD) is installed 
as a display device providing the driver (observer) of the 
car with navigation information. A head-up display of 
this kind has an image display device for projecting 
image display light corresponding to navigation informa- 
tion, or the like, a combiner positioned in front of the 
driver, and a housing having a projection opening facing 
in an upward direction. The image display light is pro- 
jected through the projection opening. The light path of 
the image display light is changed by the combiner such 
that it is directed towards eyes of the driver. Thereby, a 
virtual image is formed in front of the combiner. The vir- 
tual image and real objects in front of the combiner are 
perceived by the driver. Conventionally, the head-up dis- 
play have been fixed to the supporting side. 

When a head-up display of this kind is installed in a 
car, or the like, particularly a finished car, in many 
cases, it is installed in a position on the upper surface of 
the dashix)ard in the region in front of the driver. 

The upper surface of the dashboard varies in shape 
between different car models. Therefore, a position suit- 
able for view of the display is found and the head-up dis- 
play is then installed by means of a double-sided 
adhesive sheet, or the like. 

However, when the head-up display is fixed to a 
supporting surface on the upper surface of a dashboard 
or the like, it is not possible to remove the head-up dis- 
play for the purpose of maintenance, theft prevention, or 
the like. Moreover, being fixed in this way. the head-up 
display becomes less convenient to use. 

Therefore, head-up displays which are installed 
detachably on a supporting surface have been con- 
ceived. However, conventionally, there has been no 
installation mechanism which allows a head-up display 
to be installed or detached readily, and which also holds 
the head-up display securely. 

Furthermore, in some cases, the upper surface of 
the dashboard in the region in front of the driver does 
not have a suitable shape for the supporting surface for 
a head-up display. 

For example, as shown in Fig. 14(1). in an automo- 
bile, if the upper surface 101 of the dashtx»ard in the 
region in front of the driver is inclined from the horizontal 
plane, then by simply installing a head-up display 102 
by means of double-sided adhesive sheet, or the like, 
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the displayed virtual image K will be inclined from the 
horizontal, as shown in Fig. 14(2). 

Therefore, the head-up display must be installed in 
a position to the left or right of the region in front of the 
5 driver. In this case, the driver cannot gain a satisfactory 
view of the displayed virtual image whilst driving. Fur- 
thermore, it is not possible to make effective use of the 
head-up display function for viewing real objects and the 
displayed virtual image simultaneously in the forward 
10 field of view. 

The direction of the driver's line of sight with respect 
to the combiner varies depending on the driver's physi- 
cal build and position. Therefore, when the cont)iner is 
fixed to the supporting surface, it may be impossible for 
15 the driver to view the displayed virtual image clearly, 
due to either the driver's physical build or position. 

Therefore, the use of installation mechanisms, 
whereby the angle of inclination of the head-up display 
with respect to the supporting surface can be adjusted 
in a desired direction, has been considered. For exam- 
ple, by installing the head-up display on the supporting 
surface by means of a sliding surface consisting of a 
portion of a sphere, the head-up display can be moved 
spherically with respect to the supporting surface. 

However, if the head-up display is installed on the 
supporting surface simply by means of a sliding surface 
consisting of a portion of a sphere alone, then it is nec- 
essary to increase the height of the sliding surface in 
order to obtain a sufficiently large amount of adjustment 
in the angle of inclination of the head-up display with 
respect to the supporting surface. Therefore, the head- 
up display becomes excessively high above the sup- 
porting surface, and consequently, the view of real 
objects in the fonward field of the driver is impaired by 
the head-up display and the installation mechanism. 

Desirably, the aforementioned projection opening is 
covered by a transparent cover in order to protect the 
image display device and the like inside the aforemen- 
tioned housing from dust and the like. 

If the light path of the image display light output 
from the image display device is changed directly by 
means of a combiner, then the length of the light path of 
the image display light from the image display device to 
the driver's eyes will be shortened. In this case, since 
the distance from the driver to the virtual focal point is 
shortened, it takes long time for the driver to change 
from a state of focusing on the actual view in front of the 
vehicle to a state of viewing the virtual image. This is not 
desirable when driving. If the distance between the 
image display device and the combiner is increased in 
order to lengthen the light path, the head-up display 
increases in size. Therefore, it is desirable to provide 
means for changing the light path of the image display 
light, such as a mirror, or the like, below the transparent 
cover. By changing the light path by the light path 
changing means, the image display light travels in an 
oblique fonward and upward direction after being pro- 
jected from the projection opening. 
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However, if light path changing means is arranged 
below the transparent cover covering the projection 
opening, there is the risk that a virtual image known as 
a ghost image' will be produced in addition to the virtual 
image of the original object of observation. Specifically, 5 
if the light path of image display light emitted from the 
image display device is changed directly by light path 
changing means arranged below the transparent cover, 
and the light path is then changed by a combiner, a vir- 
tual image of the original object of observation can be 10 
properly formed. However, as shown in Fig. 19, if a por- 
tion of the image display light "L" emitted from the image 
display device 301 is reflected by the lower surface of 
the transparent cover 302. and its light path is then 
changed by light path changing means 303. whereupon 75 
its light path is changed by the combiner 304. then a 
ghost image is formed when this image display light "L'* 
reaches the eyes "E" of the driver. Ghost images of this 
kind impede a clear view of the original object of obser- 
vation. Furthermore, there is also a problem in that 20 
external light from the sun. or the like, reflected by the 
upper surface of the transparent cover 302 after passing 
through the combiner 304 enters the driver's eyes "E". 

It is an object of the present invention to provide an 
installation mechanism for a head -up display whereby 25 
the aforementioned problems can be resolved. 

SUMMARY OF THE INVENTION 

The present invention comprises a head-up display 30 
and an installation mechanism for installing this head- 
up display on a supporting surface, wherein the installa- 
tion mechanism comprises a first supporting section 
installed detachably on the head-up display and a sec- 
ond supporting section installed detachably on the sup- 35 
porting surface, the first supporting section and the 
second supporting section are connected such that they 
can be moved relative to each other, a receiving section 
is provided on the under side of the head-up display, the 
receiving section has a receiving surface which faces 40 
the under side of the head-up display via a gap. the first 
supporting section comprises a inserting section which 
is forced removat^ly along the under side of the head-up 
display into the gap between the under side of the head- 
up display and the receiving surface, and the under side 45 
of the head-up display engages with the upper surface 
of the first supporting section by means off the force fit of 
the inserting section into the gap. 

According to the composition of the present inven- 
tion, the inserting section of the first SLpporting section so 
is forced along the under side of the head-up display 
into the gap between the under side of the head-up dis- 
play and the receiving surface. Thereby, a frictional 
force is produced which prevents movement of the 
Inserting section with respect to the under side of the 55 
head-up display and the receiving surface. Due to this 
frictional force, the head-up display is installed firmly on 
the supporting surface. By means of the force fit. the 



under side of the head-up display engages with the 
upper surface of the first supporting section. Therefore, 
the head-up display can be held securely Moreover, the 
height of the head-up display from the supporting sur- 
face can be reduced as far as possible. 

The head-up display can be removed from the sup- 
porting surface by removing the first supporting section 
from the gap between the under side of the head-up dis- 
play and the receiving surface, along the under side of 
the head-up display Thereby the head-up display is 
readily detachat)le from the supporting surface. 

Preferably, a recess section is formed in either the 
under side of the head-up display or the upper surface 
of the first supporting section, and a projecting section 
is formed In the other of these, and during the force fit of 
the inserting section into the gap, the projecting section 
causes the upper surface of the first supporting section 
to separate from the under side of the head-up display, 
whereby the first supporting section is able to undergo 
elastic deformation, the elastic deformation of the first 
supporting section can be reverted by means of the fit- 
ting of the projecting section into the recess section, the 
projecting section engages with the inner surface of the 
recess section such that the head-up display is pre- 
vented from moving in the direction in which the insert- 
ing section is removed from the gap. and in a state 
where the projecting section is fitted into the recess sec- 
tion, the head-up display is prevented from moving in 
the direction in which the inserting section is forced into 
the gap. 

When the inserting section of the first supporting 
section are Inserted into the gap between the under 
side of the head-up display and the receiving surface, 
movement of the head -up display with respect to the 
first supporting section is restricted by fitting of the pro- 
jecting section into the recess section. Therefore, the 
head-up display can be held more securely. Further- 
more, the head-up display can be prevented from falling 
off accidentally. 

Preferably, a third supporting section attached to 
the first supporting section and second supporting sec- 
tion is provided, and the third supporting section is 
attached to either the first supporting section or second 
supporting section via sliding surlace consisting of a 
portion of a spherical plane, such that it can move rela- 
tively in a spherical plane, and it is attached to the other 
of the first supporting section and second supporting 
section such that it is rotatable around at least one axis 
other than a yaw axis, which passes through the center 
of this spherical plane and is perpendicular to said sup- 
porting surface. 

By moving the third supporting section in a spheri- 
cal plane with respect to either the first supporting sec- 
tion or second supporting section, the angle of 
inclination of the head-up display with respect to the 
supporting surface can be changed and adjusted in a 
desired direction. 

By rotating the third supporting section around at 
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least one axis other than the yaw axis with respect to 
the other of the first supporting section and second sup- 
porting section, the angle of inclination of the head-up 
display with respect to the supporting surface can be 
changed and adjusted in the rotational direction thereof. 

Therefore, by rotating the third supporting section 
with respect to the other of the first supporting section 
and second supporting section in the direction in which 
the angle of inclination of the head-up display with 
respect to the supporting surface is most greatly dis- 
placed from the appropriate value, coarse adjustment of 
the angle of inclination of the head-up display is possi- 
t>le such that the angle is roughly equal to the appropri- 
ate value. Thereupon, by moving the third supporting 
section in a spherical plane with respect to either the 
first supporting section or second supporting section, 
fine adjustment of the angle of inclination of the head-up 
display is possible such that the angle is precisely equal 
to the appropriate value. 

By this means, it is possible to face the head-up dis- 
play in a direction which is convenient for use. In doing 
this, the angle of inclination of the head-up display with 
respect to the supporting surface can be adjusted not 
only by spherical movement via the sliding surface of 
the third supporting section with respect to either the 
first supporting section or second supporting section, 
but also by rotational movement of the third supporting 
section with respect to the other of the first supporting 
section and second supporting section. Accordingly, a 
sufficiently large amount of adjustment in the angle of 
inclination can be obtained without increasing the height 
dimension of the sliding surface. Thereby, it is possible 
to prevent the head-up display from becoming exces- 
sively high with respect to the supporting surface. 

Preferably, the head-up display according to the 
present invention comprises image display light emitting 
means and a combiner for changing the light path of the 
image display light, and at least one of the image dis- 
play light emitting means and combiner is installed on 
the supporting surface by means of the installation 
mechanism. 

By moving the third supporting section in a spheri- 
cal plane with respect to either the first supporting sec- 
tion or second supporting section, it is possible to 
change and adjust the angle of inclination of at least one 
of the image display light emitting means or combiner 
with respect to the supporting surface in a desired direc- 
tion. 

By rotating the third supporting section around at 
least one axis other than the yaw axis with respect to 
the other of the first supporting section and second sup- 
porting section, the angle of inclination of at least one of 
the emitting means or combiner with respect to the sup- 
porting surface can be changed and adjusted in the 
rotational direction thereof. 

Therefore, by rotating the third supporting section 
relative to the other of the first supporting section and 
second supporting section in the direction in which the 



angle of inclination of the head-up display with respect 
to the supporting surface is most greatly displaced from 
the appropriate value, coarse adjustment of the inclina- 
tion of at least one of the emitting means and combiner 

5 with respect to the supporting surface is possible such 
that the angle is roughly equal to the appropriate value. 
Thereupon, by moving the third supporting section in a 
spherical plane with respect to either the first supporting 
section or second supporting section, fine adjustment of 

10 the angle of inclination of the head-up display is possi- 
ble such that it is precisely equal to the appropriate 
value. 

Specifically, the angle of inclination of at least one 
of the emitting means and combiner with respect to the 

15 supporting surface can be adjusted not only by spheri- 
cal movement via the sliding surface of the third sup- 
porting section with respect to either the first supporting 
section or second supporting section, but also by rota- 
tional movement of the third supporting section with 

20 respect to the other of the first supporting section and 
second supporting section. Accordingly, a sufficiently 
large amount of adjustment in the angle of inclination 
can be obtained without increasing the height dimen- 
sions of the sliding surface. Thereby, it is possible to 

25 prevent at least one of the emitting means or combiner 
from becoming excessively high with respect to the sup- 
porting surface. 

According to the present invention, it is possible to 
provide an installation mechanism whereby a head-up 

30 display can be readily installed on and detached from a 
supporting surface without increasing the height of the 
head-up display above the supporting surface, and 
whereby said head-up display can be held firmly and 
securely. The inclination of the head-up display sup- 

35 ported by the supporting surface can be adjusted in a 
desired direction without increasing the height of the 
head-up display above the supporting surface. During 
adjustment, the head-up display is held firmly and 
securely Therefore, by applying the present invention to 

40 a head-up display for a vehicle, it is possible to detach 
the head-up display readily in order to prevent theft, or 
the like. Namely, when the driver leaves the car, he or 
she can readily remove the head-up display and take it 
with him or her. Even if the supporting surface of the 

45 head-up display is inclined at an angle, the displayed 
virtual image can be viewed correctly without impeding 
the view of real objects in the fbnward field of observer. 
Therefore, effective use can be made of the head-up 
display function. 

50 Preferably, the head -up display of the present 
invention comprises an installation mechanism accord- 
ing to claim 3, wherein either the first supporting section 
or second supporting section is pressed against the 
third supporting section by means of a first connecting 

55 section having a sliding surface consisting of a portion 
of a spherical plane which is concentric with the afore- 
mentioned spherical plane, the other of the first support- 
ing section and second supporting section is pressed 
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against the third supporting section by means ol a sec- 
ond connecting section having a sliding surface consist- 
ing of a portion of a spherical plane which is concentric 
with the aforementioned spherical plane, and at least 
one of the connecting sections is located on the inner 5 
side of at least one of the sliding surfaces. 

By pressing the first supporting section and second 
supporting section against the third supporting section, 
it is possible to provide a suitable degree of frictional 
resistance in the aforementioned spherical movement 
and rotational movement. The internal space of at least 
one of the sliding surfaces can be used effectively as a 
space for locating at least one of the connecting sec- 
tions. In this way. it is possitDle to reduce the height of 
the head-up display above the supporting surface. 

The present invention can be applied to a head-up 
display comprising a combiner positioned in front of an 
observer, image display light emitting means, a housing 
having a projection opening facing in an upward direc- 
tion, and a transparent cover which covers this projec- 
tion opening, wherein a virtual image which is an object 
of observation is formed in front of the combiner by 
changing the light path of the image display light emitted 
from the housing via the projection opening, by means 
of the combiner. 

Preferably, means for changing the light path of the 
image display light is provided below the transparent 
cover such that the image display light emitted from the 
projection opening travels in an oblique fonward and 
upward direction, and the position of the transparent 
cover with respect to the image display light emitting 
means and the light path changing means Is deter- 
mined such that when the light path of Image display 
light reflected at the lower surface of the transparent 
cover is changed by the light path changing means, the 
image display light reaches a position below the range 
of the forward field of view of the observer 

Thereby, since the image display light reflected at 
the lower surface of the transparent cover never enters 
the range of the forward field of view of the observer, it 
is possible to prevent the observer from viewing ghost 
Images. 

Preferatrfy. the position of the transparent cover 
with respect to the Image display light emitting means 
and the light path changing means is determined such 
that when the light path of image display light reflected 
at the lower surface of the transparent cover is changed 
by the combiner after being changed by the light path 
changing means, the image display light reaches a 
position below the range of the forward field of view of 
the observer. 

Thereby, it is possible reliably to prevent the 
observer from viewing ghost images. 

In the present invention, preferably, the position of 
the transparent cover with respect to said image display 
light emitting means and the light path changing means 
is determined such that when the light path of image 
display light reflected at the lower surface of the trans- 



parent cover is changed by the light path changing 
means, the image display light reaches a position below 
the transparent cover. 

Thereby, since the image display light reflected at 
the lower surface of the transparent cover never 
reaches the combiner, it is possible reliably to prevent 
formation of ghost images. 

Preferably, a cover which blocks external light 
reflected by the upper surface of the transparent cover 
after passing through the combiner such that the light 
does not reach the okjserver's eyes. 

Thereby, it is possible to prevent external light 
reflected by the upper side of the transparent cover from 
reaching the observer's eyes. 

Therefore, in a small-scale head-up display which 
can display a virtual image which is an object of ol^ser- 
vation and can prevent infiltration of dust and the like, it 
is possible to prevent interference to a clear view of the 
displayed virtual image by generation of ghost images 
or external light. 

Preferably, the head-up display according to the 
present invention comprises a combiner positioned In 
front of an observer, image display light emitting means, 
and a housing having a projection opening facing in an 
upward direction, wherein a virtual image which is an 
object of observation is formed in front of the combiner 
by changing the light path of Image display light pro- 
jected from the housing via the projection opening, by 
means of the combiner, the image display light is pro- 
jected from the projection opening such that it travels in 
an oblique fonvard and upward direction, a movable 
cover which can be moved between a closed position 
and an open position is provided between the combiner 
and the observer, the moveable cover is positioned 
such that when it is in the closed position, it closes the 
rear side of the projection opening to block at least a 
portion of the Image display light, and when it is In the 
open position, it does not block any of the image display 
light, and the combiner Is movable between a use posi- 
tion and a retracted position, the light path of the image 
display light projected from the projection opening is 
changed by the combiner such that the image display 
tight is directed to the observer, and the front side of the 
projection opening Is closed by the combiner in the 
retracted position. 

The image display light is able to travel in an oblique 
forward and upward direction from the housing via the 
projection opening. Therefore, the distance between the 
combiner arud the emission source of the Image display 
light can be increased, compared to cases where the 
light travels in an upward direction, without raising the 
vertical dimensions of the housing. Since the projection 
opening can be closed by means of the movable cover 
and the combiner when the head-up display is not in 
use, it can be prevented from obstructing the observer's 
view, and infiltration of dust or the tike into the housing 
can also be prevented. 

Since the movable cover is placed in the open posi- 
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tion only when the head-up display is in use. it can be 
retracted compactly when not in use. Since the rear end 
of the projection opening is closed by the movable 
cover, the combiner only needs to close off the front end 
of the projection opening. Therefore, the combiner only 5 
needs to be of sufficient height to display virtual images 
when it is in the use position. Accordingly, it is possible 
to prevent the upper edge of the combiner from 
otjstructing the observer's view. 

Preferably, means for coupling the combiner and 
the cover is provided such that when the combiner 
moves to the use position, the cover moves to the open 
position, and when the combiner moves to the retracted 
position, the cover moves to the closed position. 

Ease of operation can be improved by working the 
combiner and cover together in this manner. 

Preferably, the head -up display according to the 
present invention has an installation mechanism 
according to claim 1 comprising a combiner positioned 
In front of the observer, image display light emitting 
means, and a housing which contains the emitting 
means, wherein a virtual image which is an object of 
observation is formed by changing the light path of the 
image display light by means of the combiner, the Image 
display ligN emitting means comprises liquid-crystal 
display means and a light source for back-lighting posi- 
tioned so as to opposed to the liquid-crystal display 
means, and there are provided air current generating 
means for forcibly generating an air current inside the 
housing, a discharge outlet, in the side of the housing, 
for discharging this air current from the housing, and 
means for changing the direction of the air current dis- 
charged from this discharge outlet, such that the air cur- 
rent travels in a forward direction from the discharge 
outlet 

By changing the flow of air discharged from the dis- 
charge outlet in the housing such that the flow travels in 
a forward direction, it is possible to reduce discharge 
noise heard by the observer compared to cases where 
It is discharged in a leftward or rightward direaion. 40 

Preferably, the head-up display according to the 
present Invention has an Installation mechanism 
according to claim 1 comprising a combiner positioned 
in front of the observer, and image display light emitting 
means, wherein a virtual which is an object of observa- 45 
tion is formed by changing the light path of the image 
display light by means of this combiner, the image dis- 
play light emitting means comprises liquid-crystal dis- 
play means and a light source for back-lighting 
positioned so as to oppose to the liquid-crystal display so 
means, a space is formed between the liquid-crystal 
display means and the light source, air current generat- 
ing means for forcibly generating an air current passing 
through this space is provided, and this air current is 
generated such that it forms a laminar flow in the space. 55 

Due to the presence of the air current between the 
liquid-crystal display means and the light source, it is 
possible to prevent the air in the space from reaching a 



high temperature due to heat radiation from the light 
source. Furthermore, It is possible to reduce heat trans- 
fer by thermal conduction between the light source and 
liquid-crystal display means. When the air flow in the 
space is a laminar flow, there is no flow of air perpendic- 
ular to this flow direction. Therefore, heat transfer due to 
air flow perpendicular to this flow direction can be elimi- 
nated, and the amount of heat transferred to the liquid- 
crystal display panel can be reduced. 

Preferably, the head-up display according to the 
present invention comprises a combiner positioned in 
front of the observer, image display tight emitting 
means, and a housing which contains the image display 
light emitting means, wherein the image display light 
emitting means comprises liquid-crystal display means 
and a light source for back-lighting which shines light for 
back-lighting onto the liquid-crystal display means, a vir- 
tual image which is an object of observation is formed 
by changing the light path of the image display light by 
means of the combiner, a case, which can block at least 
a portion of the infra-red light emitted from the light 
source for back-lighting, is provided inside the housing, 
an opening leading inside the case is provided in the 
housing, and this light source for back-lighting can be 
inserted Into the case from outside the housing and it 
can be removed from inside the case out of the housing 
via this opening. 

By blocking nearly all of the infra-red light emitted 
by the light source lor back-lighting inserted inside the 
case by means of the case, detrimental effects due to 
heat radiation from the light source can be reduced. 
Furthermore, by installing the light source In the hous- 
ing via the opening, the operations of removing the light 
source from the housing or inserting and fixing the light 
source in the housing are simple to carry out. Therefore, 
maintenance operations for the light source can be car- 
ried out readily. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a compositional diagram of a head-up dis- 
play according to an embodiment of the present 
invention; 

Rg. 2 is an oblique view of a head-up display 
according to an embodiment of the present inven- 
tion; 

Rg. 3 is an exploded view of an installation mecha- 
nism according to an embodimerrt of the present 
invention; 

Fig. 4 is a front sectional view of an installation 
mechanism according to an embodiment of the 
present invention; 

Rg. 5 is a side sectional view of an installation 
mechanism according to an embodiment of the 
present invention; 

Fig. 6(1 ) is a partial rear sectional view of a head-up 
display according to an embodiment of the present 
invention; Fig. 6(2) is an under view of a head-up 
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display acxx)rding to an embodiment of the present 
invention; 

Fig. 7(1) is an under view of a holder for a head-up 
display according to an embodiment of the present 
invention; Fig. 7(2) is a plan view of a holder for a 5 
head-up display according to an embodiment of the 
present invention; 

Fig. 8(1) is a partial sectional view of a holder and a 
receiving section in a head-up display according to 
an embodiment of the present invention, before io 
force fit; Fig. 8(2) is a partial sectional view of a 
holder and a receiving section in a head-up display 
according to an emtxKliment of the present inven- 
tion, after force fit; 

Fig. 9(1) is a partial sectional view of a projecting is 
section and a recess section in a head-up display 
according to an embodiment of the present inven- 
tion, before fitting; Fig. 9(2) is a partial sectional 
view of a projecting section and a recess section in 
a head-up display according to an embodiment of 20 
the present invention, after fitting; 
Fig. 10 is a side sectional view showing the function 
of an installation mechanism according to an 
embodiment of the present invention; 
Fig. 1 1 is a side sectional view showing the function 25 
of an installation mechanism according to an 
emt)odiment of the present invention; 
Fig. 12(1) shows a head-up display according to an 
embodiment of the present invention in an installed 
state; Fig. 12(2) shows a virtual image on a head- 30 
up display according to an embodiment of the 
present invention; 

Fig. 13(1) is a plan view of a unit stage in a modifi- 
cation of the present invention; Fig. 13(2) is a view 
along arrow A in Fig. 13(1); Fig. 13(3) is a view 35 
along arrow B in Fig. 13(1); 
Fig. 14(1) shows a conventional head-up display in 
an installed state; Fig. 14(2) shows a virtual image 
on a conventional head-up display; 
Fig. 15 is an oblique view of a head-up display 40 
according to a first modification of the present 
invention; 

Fig. 16(1) is a diagram for describing a head-up dis- 
play according to a first modification of the present 
invention when it is in use; Fig. 16(2) is a diagram 45 
for describing a head-up display according to a first 
modification of the present invention when it is not 
in use; 

Fig. 1 7 is a diagram showing the light path of image 

display light in a head-up display according to a first so 

modification of the present invention; 

Fig. 18 is a diagram showing the light path of image 

display light in a head-up display according to a 

second modification of the present invention; 

Fig. 1 9 is a diagram showing the light path of image ss 

display light in a head-up display according to a 

comparative example; 

Fig. 20 is an oblique view of . a head-up display 



according to a third modification; 
Fig. 21(1) is a diagram for describing a movement 
mechanism according to a third modification when 
it is in use; Fig. 21(2) is a diagram for describing a 
movement mechanism according to a third modifi- 
cation when it is not in use; 
Fig. 22 is a plan view for describing the mechanism 
of a movable cover according to a fourth modifica- 
tion; 

Fig. 23 is a compositional diagram of a head-up dis- 
play according to a fifth modification; 
Fig. 24 is a partial revealed oblique view of a liquid- 
crystal display panel according to a fifth modifica- 
tion; 

Rg. 25 is a partial revealed oblique view of a light 
source for back-lighting according to a fifth modifi- 
cation; 

Fig. 26 is a principal plan view of a head-up display 
according to a fifth modification; 
Fig. 27 is an oblique view of a light source for back- 
lighting and a case in a head-up display according 
to a sixth modification; 

Fig. 28 is a principal sectional view of a head-up 
display according to a sixth modification; and 
Rg. 29 is a partial oblique view of a head-up display 
according to a sixth modification. 

DESCRIPTION OF THE PREFERRED EMBODI- 

MENTS 

Below, an embodiment of the present invention is 
described with reference to the drawings. 

The display device shown in Fig. 1 and Fig. 2 con- 
stitutes a head-up display 1 for a car. This head-up dis- 
play 1 comprises an image display device 2 and a 
combiner 3 for changing the light path of the image dis- 
play light. 

In the present embodiment, the display device 2 is 
a liquid-crystal display device. This display device 2 
emits display light "L" for an image corresponding to 
navigation information or the like in a fonward and 
upward direction from the upper rear end thereof. The 
display device 2 comprises a liquid-crystal display 
panel, a t>ack-light and a housing for covering the liquid- 
crystal display panel, back-light, and the like. 

The combiner 3 can be constituted by a half- mirror, 
for example. This half-mirror directs the image display 
light "L" towards the driver's (observer's) eyes 4 by 
reflection, and also directs light from in front of the com- 
biner towards the driver's eyes 4 by transmission. 
Thereby, the driver is able to perceive both a virtual 
image focused at a position "1" in front of the combiner 
3, and real objects in front of the combiner. 

Other optical elements can also be arranged 
between the display device 2 and the combiner 3. 
Instead of the half-mirror, the combiner 3 can be consti- 
tuted by a hologram element having a surface which dif- 
fracts the image display light. 
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The head-up display 1 is installed on a supporting 
surface 10 on a dashboard 5 by means of an installation 
mechanism 1 1 . 

As shown in Fig. 3 through Fig. 5, the installation 
mechanism 1 1 comprises a holder (first supporting sec- s 
Won) 12 which is integrated with the head-up display 1, 
a base (second supporting section) 13 which is inte- 
grated with the supporting surface 10, and a flare (third 
supporting section) 14 which Is attached to the holder 
12 and the base 13. io 

The holder 12 comprises a base plate 16 having a 
center hole 1 6c and an arm 1 7 extending from this base 
plate 16 in a reanward direction. The holder 12 is 
attached removat^y to the display device 2. 

The perimeter sectbn of the base plate 16 has a is 
flat shape. The under side of the central portion of the 
base plate 16 forms a holder-side lower sliding surface 
16a in the shape of a downward-facing projection. This 
holder-side lower sliding surface 16a consists of a por- 
tion of a spherical plane. The upper surface of the cen- 20 
tral portion of the base plate 16 forms a holder-side 
upper sliding surface 16b in the shape of an upward-fac- 
ing recess. This holder-side upper sliding surface 16b 
consists of a portion of a spherical plane which is con- 
centric with the aforementioned spherical plane. 25 

The base 13 is, for example, affixed to the support- 
ing surface 10 by means of doubfe-sided adhesive tape 
attached to the under side thereof. Thereby, the base 13 
are integrated with the supporting surface 10. 

The base 13 is circular in plan view. The inner side 30 
of the upper surface of the base 13 forms a base-side 
sliding surface 13a in the shape of an upward-facing 
recess. This base-side sliding surface 13a consists of a 
portion of a spherical plane which is concentric with the 
aforementioned spherical plane. 35 

A hook holding recess section 13b which connects 
to the base-side sliding surface 13a. and a screw hole 
13c which connects to the hook holding recess section 
1 3b and the under side of the base 13. are formed in the 
center of the base 13. 40 

Instead of attaching the base 1 3 directly to the sup- 
porting surface 10 on the dashboard as described 
above. It is also possible to attach it via a unit stage 60 
as Illustrated in Figs. 13(1), (2) and (3). When the unit 
stage 60 is attached to the supporting surface 10. any 45 
side of the outer perimeter thereof can be set to the 
front. The unit stage 60 is made from a plastic molding. 
A plurality of leaves 61 are provided on the outer perim- 
eter of the unit stage 60. When the unit stage 60 is 
attached to the end of the dashboard on the driver's so 
side, for example, some of these leaves 61 can be cut 
off so that they do not form an obstacle. The central por- 
tion of the unit stage 60 forms a supporting section 62 
for the base 13. The upper surface 62a of this support- 
ing section 62 is inclined with respect to the under side ss 
62b thereof. Thereby, for example, the head-up display 
can be adjusted readily to a horizontal position in 
response to various inclinations of the upper surface of 



the dashboard. A net-shaped pattern is formed on the 
upper surface 62a of the supporting section 62. The 
perimeter of the upper surface 62a has a circular shape. 
A wall 62c projects In an upward direction from the outer 
perimeter of the upper surface 62a. The height of the 
wall 62c is slightly greater than the height of the lower 
perimeter of the base 13 (h in Fig. 4). Furthermore, the 
inner radius r of the wall 62c is the same as the outer 
radius of the lower portion of the t>ase 13. Therefore, the 
base 13 fits inside the inner perimeter of the wall 62c. 
and is supported by the upper surface 62a- 

The flare 1 4 is circular in plan view. The upper sur- 
face of the flare 14 forms a flare-side upper sliding sur- 
face 14a in the shape of an upward-facing recess. The 
flare-side upper sliding surface 14a consists of a portion 
of a spherical plane which is concentric with the afore- 
mentioned spherical plane. The lower surface of the 
flare 14 forms a flare-side lower sliding surface 14b in 
the shape of a downward-facing projection. The flare- 
side lower sliding surface 1 4b consists of a portion of a 
spherical plane. 

A cylindrical section 14c which is closed at the 
upper end thereof is formed on the flare-side upper slid- 
ing surface 14a. This cylindrical section 14c has a 
smaller radius than the center hole 16c in the aforemen- 
tioned holder 12. The center of axis of the cylindrical 
section 14c passes through the center of the aforemen- 
tioned spherical plane. 

A hook insertion hole 14d is formed in the center of 
the flare 14. 

The holder 12 is attached to the flare 14 via a cup 
(first connecting section) 18. 

The cup 18 is circular in plan view. The outer por- 
tion of the lower surface of this cup 18 forms a cup-side 
sliding surface 18a in the shape of a downward-facing 
projection. This cup-side sliding surface 18a consists of 
a portion of a spherical plane which is concentric with 
the aforementioned spherical plane. The cylindrical sec- 
tion 14c of the flare 14 passes through the center hole 
16c in the holder 12. The cup 18 is fixed to the upper 
surface of the cylindrical section 14c by screws 1 7*. 

Thereby, the hokier-slde lower sliding surfece 16a 
is pressed the flare-side upper sliding surface 14a. and 
the cup-side sliding surface 18a is pressed against the 
holder-side upper sliding surface 16b. Therefore, the 
flare 14 is pressed against the holder 12 via the sliding 
surfaces 14a, 16a. 16b and 18a. In this way. the flare 14 
can be moved in a spherical plane with respect to the 
holder 12. as shown by the arrows In Fig. 3. The cup 18 
is located in an internal space 30 inside the sliding sur- 
faces 14a. 16a. 16b and 18a. 

The base 13 is pressed against the flare 14 via a 
hook (second connecting means). 

To be more precise, the hook 19 Is formed from an 
elastic material. The hook 19 comprises a base section 
19a having a rectangular shape, a pair of projecting 
section 19b. 19c which project from the upper portion of 
this base section 19a in a lateral direction, and a notch 
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19d formed between the two projecting sections 19b, 
19c. The two projecting sections 19b, 19c project in 
mutually opposite lateral directions. The lower surfaces 
of the two projecting sections 1 9b. 1 9c form a hook slid- 
ing surface 19e in the shape of a downward-facing pro- 
jection. The hook-side sliding surface 19e consists of a 
portion of a spherical plane which is concentric with the 
aforementioned spherical plane. A screw hole 19f is 
formed in the under side of the base section 19a. 

The lower portion of the base section 19a of the 
hook 19 is inserted into the hook holding recess section 
13b in the base 13. The upper portion of the base sec- 
tion 19a and the two projecting sections I9b, 19c pass 
through the hook insertion hole 14d in the flare 14. 

The hook insertion hole 1 4d is rectangular in plan 
view. The dimension of the longer edges of this hook 
insertion hole 1 4d is larger than the distance between 
the ends of the two projecting sections 19b and 19c of 
the hook 19. The dimension of the shorter edges of the 
hook insertion hole 14d is slightly larger than the dimen- 
sion of the shorter edges of the base section 19a of the 
hook 19 which Is rectangular in plari view. 

The upper portion of the base section 19a and the 
two projecting sections 19b. 19c are passed through the 
hook insertion hole 14d, whereupon the hook 19 is 
rotated through 90 degree with respect to the flare 14 
around a vertical center of axis. During rotation, the 
hook undergoes elastic deformation causing the gap in 
the aforementioned notch 19d to become narrower, and 
when the rotation is connpleted, the hook 10 reverts to 
its original shape. As a result, the aforementioned hook- 
side sliding surface 19e confronts the flare-side upper 
sliding surface 14a. 

Thereupon, a screw 20 passing through the screw 
hole 13c in the base 13 is screwed into the screw hole 
19f in the hook 19. Thereby, the base-side sliding sur- 
face 13a is pressed against the flare-side lower sliding 
surface 14b. and the hook-side sliding surface 19e is 
pressed against the flare-side upper sliding surface 
14a. Therefore, the flare 14 is attached to the base 13 
via the sliding surfaces 13a, 1 4a. 14b and I9e. Further- 
more, the flare 14 can be rotated with respect to the 
base 13 as shown by the arrow in Fig. 3. 

In the present embodiment, the axis of rotation of 
the flare 14 with respect to the base 13 passes through 
the center of the aforementioned spherical plane, and 
this axis is horizontal and parallel to the supporting sur- 
face 10. For example, in Fig. 2, the axis which passes 
through the center O of the aforementioned spherical 
plane and is perpendicular to the aforementioned sup- 
porting surface 10 forms a yaw axis "Y". The axis which 
intersects perpendicularly with the yaw axis "Y" at the 
center of the spherical plane and which runs approxi- 
mately along the line of sight from the driver to the com- 
biner 3 forms a roll axis "R". The axis which intersects 
perpendicularly with the yaw axis *Y** and the roll axis 
"R** at the center of the spherical plane forms a pitch 
axis The roll axis "R" or pitch axis "P" is taken as the 



axis of rotation. In other words, rotational movement 
around at least one axis other than the yaw axis "Y" is 
possible. 

As shown in Fig. 4, Fig. 5, Fig. 6(1), Fig. 8(1) and 

5 Fig. 8(2). four receiving sections 31a. 31b. 31c. 31d 
made from plastic are provided integrally in a plastic 
housing of the display device 2. On the under side 2a of 
the display device 2, these receiving sections 31a. 31b, 
31c. 3 Id are located in two positions on the left and right 

10 of the front side (lower side in Fig. 6(2)) of the display 
device 2 and in two positions on the left and right of the 
rear side of the display device 2. 

The receiving sections 31a, 31b, 31c, 31 d each 
comprise a side wall 31' extending downwards from the 

15 under side 2a of the display device 2. and a holding wall 
31 *' extending parallel to the under side 2a of the display 
device 2 from the lower edge of the side wall 3V. The 
upper surface of each holding wall 31 " forms a receiving 
surface 33 which faces the under side 2a of the display 

20 device 2 via a gap 32. The side walls 31 * each comprise 
a guide surface 34 covering the outer side of the gap 32 
and a movement-preventing surface 39 covering the 
rear side of the gap 32. The guide surface 34 runs in a 
longitudinal direction. 

25 As shown by the two-dot broken lines in Fig. 6(1) 
and Fig. 6(2). the aforementioned holder 12 is installed 
detachably on the display device 2 by means of the 
receiving sections 31a. 31b. 31c and 31d. 

Specifically, the lateral gap between the guide sur- 

30 faces 34 of the front receiving sections 31a, 31b is 
larger than the lateral gap between the guide surfaces 

34 of the rear receiving sections 31c, 3 Id. Correspond- 
ingly, as shown by Fig. 7(1) and Fig. 7(2). the base plate 
16 of the holder 12 has a larger lateral width at the front 

35 end than at the rear end thereof. The lateral width of the 
front side of the base plate 16 is slightly smaller than the 
lateral width of the guide surfaces 34 of the front receiv- 
ing sections 31a. 31b. The lateral width of the rear side 
of the base plate 16 is slightly smaller than the lateral 

40 width of the guide surfaces 34 of the rear receiving sec- 
tions 31c, 3ld, so that the left and right portions of the 
front side of the base plate 16 and the left and right por- 
tions of the rear side thereof form inserting sections 35 
which can be inserted into the gaps 32 in the receiving 

45 sections 31a. 31b. 31c. 31d. 

Each receiving section 35 comprises a boss 35a 
projecting downwards from the lower surface thereof. 
As shown in Fig. 7(1), when viewed from below, each 
tx>ss 35a has a rectangular shape with the longer sides 

so running in the longitudinal direction. As shown in Fig. 
8(1), the vertical dimension H of each inserting section 

35 including the boss 35a is slightly larger than the ver- 
tical dimension h of the gap 32 in each receiving section 
31a, 31b. 31c. 3 Id. Therefore, by moving the display 

55 device 2 forwards from the rear end of the holder 1 2. the 
inserting sections 35 are forced removably along the 
under side 2a of the display device into the gaps 32, as 
shown in Fig. 8(2). By means of this force fit the under 
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side 2a of the display device 2 engages with the upper 
side 12b of the perimeter section of the holder 12. The 
amount by which the bosses 35a project at the rear 
ends thereof gradually Inaeases towards the forward 
direction, such that the force fit can be performed 5 
smoothly. The receiving sections 31a, 31b, 31c. 31 d 
and the holder 12 are made from plastic, so they 
undergo elastic deformation under the force fit. 

As shown in Fig. 6(1). Fig. 6(2). Fig. 9(1) and Fig. 
9(2) . a recess section 40 is formed at the rear side of the 10 
under side 2a of the display device 2. As shown in Fig. 
3. Fig. 7(2). Fig. 9(1) and Fig. 9(2). a projecting section 
41 is formed in the arm 17 of the holder 12. As shown in 
Fig. 9(1). during the force fit of the inserting sections 35 
into the aforementioned gaps 32. the projecting section is 
41 causes the upper surface of the arm 17 to separate 
from the under side 2a of the display device 2. The arm 
1 7 therefore undergoes elastic deformation. As shown 
in Fig. 9(2). this elastic deformation is reverted when the 
projecting section 41 fits into the recess section 40. In 20 
this fitted state, the projecting section 41 engages with 
the inner surface of the recess section 40. By means of 
this engagement, the display device 2 is prevented from 
moving in a direction in which the inserting sections 35 
are removed from the aforementioned gaps 32. In this 25 
fitted state, the aforementioned movement-preventing 
surfaces 39 in the receiving sections 31a. 31b. 31c. 31d 
engage with the end of the base plate 16. By means of 
this engagement, the display device 2 is prevented from 
moving in the direction in which the inserting sections 30 
35 are fitted into the gaps 32. 

As shown in Fig. 6(2), a portion of the base section 
of the display device 2 forms a detachable lid 60. An 
interna! back-light for the display device 2 is attached to 
the upper surface of this lid 60. Thereby, maintenance ss 
operations such as changing the back-light, and the like, 
are simple to perform. Air holes 61 for internal cooling 
air for the display device 2 are formed in this lid 60. 
Openings 62 are formed in the holder 12 such that the 
air holes 61 are not blocked by the holder 12. 40 

According to the aforementioned composition, the 
head-up display 1 can be rotated atxjut a yaw axis "V, 
a pitch axis "P" and a roll axis "R", as shown in Fig. 2, by 
moving the holder 1 2 in a spherical plane with respect to 
the flare 14. Thereby, the angle of inclination of the 45 
head-up display 1 with respect to the supporting surface 
10 can be changed and adjusted in any direction. Fur- 
thermore, by rotational movement of the flare 14 with 
respect to the base 13, the angle of inclination of the 
head-up display 1 with respect to the supporting surface so 
10 can also be changed and adjusted in the rotational 
direction thereof. 

Rg. 11 illustrates the amount of adjustment in the 
angle of inclination of the head-up display 1 with respect 
to the supporting surface 1 0 in the rotational direction of ss 
the flare 14 with respect to the base 13. and Fig. 10 
illustrates the amount of adjustment in the angle of incli- 
nation of the head-up display 1 with respect to the sup- 



porting surface 10 in another direction, the amount of 
adjustment in the former case being greater than that in 
the latter case. Therefore, by rotating the flare 14 with 
respect to the base 1 3 in the direction in which the angle 
of inclination of the supporting surface 10 is most 
greatly displaced from the appropriate value, coarse 
adjustment of the angle of inclination of the head-up dis- 
play 1 with respect to the supporting surface 10 is pos- 
sible such that it is roughly equal to the appropriate 
value. Thereupon, by moving the holder 12 in a spheri- 
cal plane with respect to the flare 1 4. fine adjustment of 
the angle of inclination is possible such that it is pre- 
cisely equal to the appropriate value. 

For example, as shown in Fig, 12(1), it is supposed 
that the angle of inclination of the supporting surface 10 
on the dashboard 5 of a car in the region in front of the 
driver is most greatly displaced from the appropriate 
value in the direction around the roll axis "R". In this 
case, the base 13 are integrated with the supporting 
surfece 10 such that the axis of rotation of the flare 14 
with respect to the base 13 matches the roll axis "R". In 
this way by rotational movement of the flare 14 with 
respect to the base 13 and spherical movement of the 
holder 12 with respect to the flare 14, as shown in Fig. 
12(2), it is possible to prevent deviation of the displayed 
virtual image K from the horizontal. 

Furthermore, the angle of inclination of the head-up 
display 1 with respect to the supporting surface 10 can 
be adjusted not only by spherical movement of the 
holder 12 with respect to the flare 1 4 via the sliding sur- 
faces 14a, 16a. 16b and 18a. but also by rotational 
movement of the flare 14 with respect to the base 13. 
Therefore, a sufficiently large amount of adjustment in 
the angle of inclination can be obtained without increas- 
ing the height dimension of the sliding surfaces 14a, 
16a, 16b. 18a. Thereby, it is possible to prevent the 
head-up display 1 from becoming excessively high with 
respect to the supporting surface 10. As a result, it is 
possible to prevent the view of real objects in the for- 
ward field of the driver's view from being obstructed by 
the head-up display 1 and the installation mechanism 
11. 

The axis of the rotational movement of the flare 14 
with respect to the base 13 via the sliding surfaces 1 3a, 
14a. 14b, 19e, passes through the center of the spheri- 
cal movement of the holder 12 with respect to the flare 
14 via the sliding surfaces 14a, 16a. 16b and 18a. 
Therefore, the rotational movement and spherical 
movement can be carried out smoothly and continu- 
ously. In this case, the holder 12 and the base 13 are 
pressed against the flare 14 by means of the cup 18 and 
the hook 19. Therefore, it is possible to create appropri- 
ate frictional resistance with respect to the spherical 
movement and rotational movement. Furthermore, 
since the internal space 30 inside the sliding surfaces 
14a, 16a. 16b. 18a can be utilized effectively as a space 
for locating the cup 18. it is possible to prevent the head- 
up display 1 from becoming excessively high above the 
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supporting surface 10. Thereby, it is possible to prevent 
the view of real objects in the forward field of the driver 
from being obstructed by the head-up display 1 and the 
installation mechanism 1 1 . 

According to the aforementioned composition, the 5 
inserting sections 35 o1 the holder 12 are forced along 
the under side 2a of the display device 2 into the gaps 
32 in the receiving sections 31a, 31b, 31c. 31d. 
Thereby, a frictional force is generated which prevents 
the inserting sections 35 from moving with respect to io 
the under side 2a and the receiving sections 33. Due to 
this frictional force, the display device 2 is attached 
firmly onto the supporting surface 1 0. The under side 2a 
of the display device 2 engages with the upper surface 
1 2b of the holder 1 2 by means of the force fit. Therefore, is 
the display device 2 can be held securely. Moreover, the 
height of the display device 2 from the supporting sur- 
face 10 can be reduced as far as possible. In addition, 
since the projecting section 41 fits into the recess sec- 
tion 40 on completion of the force fit, movement of the 20 
display device 2 with respect to the holder 12 can be 
restricted. Therefore, the display device 2 can be held 
even more securely and it can be prevented from falling 
off accidentally The display device 2 can be detached 
from the supporting surface 10 by removing the holder 25 
12 from the gaps 32 along the under side 2a. after 
deforming the arm 17 elastically to draw the projecting 
section 41 from the recess section 40. Thereby, the dis- 
play device 2 can readily be removed from the support- 
ing surface 10 

Instead of the head-up display 1 according to the 
en±K)diment described above, head-up displays as 
shown in the modifications described below can also be 
installed on the supporting surface by means of the 
aforementioned installation mechanism. 

(First modification) 

Fig. 15. Fig. 16(1). Fig. 16(2) and Fig. 17 show a 
head-up display 201 for a car according to a first modifi- 
cation. This head-up display 201 comprises a combiner 
202. an image display device 203. a housing 205 which 
accommodates the display device 203 and contains a 
projection opening 205a which faces in an upward 
direction, and a transparent cover 209 which covers the 
projection opening 205a. The upper and lower sides of 
this transparent cover 209 are inclined in an upward 
direction towards the front thereof. 

The combiner 202 is provided rotatably around a 
lateral axis 206a via a hinge 206 at the front side (left- 
hand side in Fig 16(1) and Fig. 16(2)) of the upper por- 
tion of the housing 205. This housing 205 is. for exam- 
ple, installed on the upper surface of a dashboard by 
means of the aforementioned installation mechanism 
11. Thereby, the combiner 202 and display device 203 
are positioned in front of the driver (observer) "E". 

A flat half-mirror, hologram element, or the like, can 
be used as the combiner 202. If a half-mirror is used. 



the path of the light is changed by reflection. If a holo- 
gram element is used, the path of the light is changed 
by diffraction. 

The display device 203 emits image display light "L" 
corresponding to navigation information, or the like, for 
example. A liquid-crystal display device having a back- 
light as a light source, for example, can be used for this 
display device 203. Furthermore, an image display 
device which displays images by means of a fluorescent 
display tube, LED, cathode ray tube, or the like, which 
does not require a t>ack-light, can also be used. 

The display device 203 emits image display light "L" 
in a rearward direction. A mirror 208 which fully reflects 
this image display light "L" is provided inside the hous- 
ing 205 below the aforementioned transparent cover 
209. The light path of the image display light "L" is 
changed by the reflection. The front reflecting surface of 
the mirror 208 is inclined in an upward direction towards 
the rear thereof. By changing the light path of the image 
display light "L" by reflecting it by the mirror 208. the 
image display light "L" is emitted from the aforemen- 
tioned projection opening 205a in an oblique fonvard 
and upward direction. 

By rotating the combiner 202 about the lateral axis 
206a. it can be moved between a use position as illus- 
trated in Fig. 16(1) and a retracted position as illustrated 
in Fig. 16(2). When the combiner 202 is in the use posi- 
tion, it changes the light path of the image display light 
"L" emitted from the projection opening 205a, thereby 
directing the image display light "L" to the eyes of the 
driver "E". When the combiner 202 is in the retracted 
position, it closes the front side of the projection opening 
205a. In the present modification, the position of the 
driver "E" is indicated by the position of the driver's eye. 

By changing the light path of the image display light 
"L" by means of the combiner 202. a virtual image which 
is the object of observation is formed in front of the com- 
biner 202. Thereby, the driver "E" can perceive both the 
virtual image and objects that are actually present in the 
forward direction. The light path changing surface 202a 
of the combiner 202 is curved such that it has the func- 
tion of focusing the image display light "L", and therefore 
the virtual image can t^e formed at a more distant posi- 
tion from the combiner 202 than in cases where image 
display light "L" is simply reflected. 

The position of the transparent cover 209 with 
respect to the display device 203 and mirror 208 is 
determined such that when the tight path of image dis- 
play light "L" reflected at the lower surface of the trans- 
parent cover 209 is changed by means of the mirror 
208. the image display light "L" travels in a direction 
below the transparent cover 209. Specifically, as shown 
in Fig. 17. image display light "L" reflected at the lower 
surface of the transparent cover 209 is caused to travel 
in a direction below the transparent cover 209 by being 
reflected by means of the mirror 208. 

A movat>le cover 212 is provided at the upper rear 
side of the housing 205 between the combiner 202 and 
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the driver "E". This movable cover 212 comprises a flat- 
shaped upper section 212a, a rear section 212b which 
extends downwards from the rear edge of this upper 
section 212a, and a side section 212c which extends 
downwards from the rear portion of the left and right § 
side edges of the upper section 212a. The movable 
cover 212 is installed on the housing 205 rotatably 
around a lateral axis 21 2d via the side section 21 2c. 
The movable cover 212 can be moved between an open 
position as shown in Fig. 16(1 ) and a closed position as io 
shown in Fig. 16(2) by rotating it around the lateral axis 
212d. When the movable cover 212 is in the open posi- 
tion, it does not block any of the image display light "L" 
directed towards the eyes of the driver "E". When it is in 
the closed position, the movable cover 212 closes the 75 
rear side of the projection opening 205a such that it 
blocks a portion of the image display light "L" directed 
towards the eyes of the driver "E". 

The single-dot broken line in Fig. 1 7 indicates exter- 
nal light "^Q", such as sunlight, or the like. After passing 20 
through the combiner 202. this external light ''Q" is 
reflected by the upper surface of the transparent cover 
209. When the movable cover 212 is in the open posi- 
tion, it is able to block the external light "Q" so that the 
light "Q" does not reach the eyes of the driver If the 25 
angle of incidence of the external light "Q" at the upper 
surface of the transparent cover 209 is large, then the 
angle of reflection will also be large and the reflected 
external light "Q" will travel upwards in front of the 
driver's eyes "E", without being blocked by the movable 30 
cover 212. Therefore, no external light "Q" reaches the 
driver's eyes "E". 

According to the aforementioned composition. Infil- 
tration of dust or the like Into the housing 205 via the 
projection opening 205a is prevented by means of the 35 
transparent cover 209. Since none of the image display 
light "L" reflected at the lower surface of the transparent 
cover 209 reaches the combiner 202. it is possible relia- 
bly to prevent ghost images. Furthernnore. external light 
"Q" reflected at the upper surface of the transparent 40 
cover 209 can also be prevented from reaching the 
driver's eyes "E". Thereby, a virtual image which is the 
object of observation can be displayed in an appropriate 
forward distant position. Specifically, in a small-scale 
head-up display 201 wherein infiltration of dust and the 45 
like can be prevented, it Is possible to prevent the view 
of the displayed virtual Image from t>eing impaired by 
ghost images and external light. 

Furthermore, the image display light "L" travels in 
an oblique fonvard arid upward direction from the hous- so 
Ing 205 via the projection opening 205a. Therefore, the 
distance between the combiner 202 and the emission 
source for the image display light "L" can be raised with- 
out Increasing the vertical dimensions of the housing 
205. The combiner 202 has a function of focusing the 55 
Image display light "L". and therefore the distance from 
the driver "E" to the virtual image can l^e Increased. 
Moreover, since the projection opening 205a can be 



closed by means of the movat)le cover 212 and the 
combiner 202 when the head-up display 201 is not in 
use, it can be prevented from obstructing the driver's 
view, and infiltration of dust or the like into the housing 
205 can also be prevented. 

Since the movable cover 212 is moved to the open 
position only when the head-up display 1 is in use, it can 
be retracted corrpactly when not in use. Since the rear 
side of the projection opening 205a is closed by the 
movable cover 212, the combiner 202 is only required to 
close the front side of the projection opening 205a. 
Accordingly, the combiner 202 only needs to be of suffi- 
cient height to display virtual images, and therefore it is 
possible to prevent the upper edge of the combiner 202 
from obstructing the view of the driver E. 

(Second modification) 

Fig. 18 shows a second modification of the present 
invention. The difference from the aforementioned first 
modification is that the upper and lower surfaces of the 
transparent cover 209 are inclined slightly downwards 
towards the front thereof. Furthermore, the display 
device 203 and transparent cover 209 are positioned 
closer together than in the first modification. In this 
case, the light path of image display light "L" reflected by 
the lower surface of the transparent cover 209 is 
changed by the mirror 208 such that it passes through 
the transparent cover 209 and reaches the combiner 
202. The light path Is changed by the combiner 202 and 
the image display light "L" travels in a rearward direc- 
tion. A portion of this Image display light "L" travelling in 
a rearward direction Is blocked by the movable cover 
212. and the remainder reaches a position below the 
fonward field of vision of the driver "E". In tills case, 
ghost images are formed, but none of the image display 
light "L" reflected at the lower surface of the transparent 
cover 209 reaches the eyes of the driver "E". Therefore, 
the driver "E" does not see the ghost images. Moreover, 
since the distance between the display device 203 and 
the transparent cover 209 is shorter than in the first 
modification, the head-up display 201 can be reduced in 
size. In this second modification, there is a possibility 
that external light, such as sunlight, or the tike, reflected 
by the upper surface of the transparent cover 209 after 
passing through the combiner 202 may reach the eyes 
of the driver "E" without being blocked by the movable 
cover 212. Therefore, it is suitable for use at night where 
there is no effect of external light. Apart from tiiis. the 
second modification Is similar to the first modification, 
and the same parts are given the same labels. 

(Third modification) 

Rg. 20 and Fig. 21 illustrate a third modification. 
The difference from the second modification Is that a 
coupling mechanism 220 is provided for coupling the 
combiner 202 with the movable cover 212. By coupling 
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the combiner 202 with the movable cover 21 2 by means 
of this coupling mechanism 220, when the combiner 
202 moves to the use position, the movable cover 212 
moves to the open position. an6 when the combiner 
moves to the retracted position, the movable cover 212 
moves to the closed position. 

This coupling mechanism 220 comprises a first 
coupling shaft 221 and a second coupling shaft 225, 
The first coupling shaft 221 comprises a section 225a 
aligned in a lateral direction, and a section 225b aligned 
in a longitudinal direction. The secorxl coupling shaft 
225 comprises a lock plate 222. a section 225a aligned 
in a lateral direction, and a section 225b aligned in a lon- 
gitudinal direction. 

The end portion of the laterally aligned section 
221a of the first coupling shaft 221 is fixed to the afore- 
mentioned hinge 206 in an eccentric position below the 
lateral cixis 206a. The end portion of the longitudinally 
aligned section 221b of the first coupling shaft 221 is 
fixed to the lock plate 222. The lock plate 222 is sup- 
ported movably In a longitudinal direction by means of a 
guide block 223 fixed to the aforementioned housing 
205. The end portion of the longitudinally aligned sec- 
tion 225a of the second coupling shaft 225 is fixed to a 
side section 212c of the aforementioned movable cover 
212 in an eccentric position above the rotational axis 
21 2d thereof. A compression coil spring 226 fits over the 
longitudinally aligned section 221b of the first coupling 
shaft 221 . The front end of this spring 226 is supported 
by a first spring support 227 fixed to a housing 205. The 
rear portion of this spring 226 is supported by a second 
spring support 228. This second spring support 228 is 
fixed to the outer perimeter of the longitudinally aligned 
section 221b of the first coupling shaft. 

The spring 226 generates an elastic force which 
moves the first coupling shaft 221, the lock plate 222 
and the secorxl coupling shaft 225 in a reanward direc- 
tion. Under the elastic force of the coil spring 226, the 
combiner 202 rotates in the direction of arrow "T1" in 
Fig. 20, whereby it is moved to the use position, and the 
movable cover 212 is rotated in the direction of arrow 
"T2", whereby it is nroved to the open position. 

When the combiner 202 is rotated in the direction of 
arrow TS** against the elastic force of the coll spring 
226. the combiner 202 moves to a retracted position. 
The first coupling shaft 221 , lock plate 222 and second 
coupling shaft 225 are moved in a forward direction by 
the rotation of the combiner 202. Thereby, the movable 
cover 212 is moved to the closed position by being 
rotated in the direction of arrow ^"4" in Fig. 20. In other 
words, the combiner 202 and the movable cover 212 
work together. 

A plate spring 230 is attached to the housing 205 
below the lock plate 222 such that it can deform elasti- 
cally in a vertical direction. An opening 222a is formed in 
the lock plate 222. The lower end of a release shaft 231 
which passes through this opening 222a is fixed to the 
upper surface of the plate spring 230. A release button 



231a is attached to the upper end of the release shaft 
231 . A lock hook 232 is fixed to the upper surface of the 
plate spring 230. As shown in Fig. 20 and Fig. 21(1). 
when the combiner 202 is in the use position and the 

5 movable cover 2 1 2 is in the open position, this lock hook 
232 is positioned in front of the lock plate 222. As shown 
in Fig. 21(2), when the comtsner 202 is in the retracted 
position and the movable cover 212 is in the closed 
position, the lock hook 232 is positioned inside the 

10 opening 222a in the lock plate 222. 

When the inner perimeter of the opening 222a in 
the lock plate 222 is hooked onto the front end 232a of 
the lock hook 232, the lock plate 222 is locked so as not 
to move in a rearward direction. 

15 When the release button 23 1 a is depressed against 
the elastic force of the plate spring 230, the front end 
232a of the lock hook 232 separates from the inner 
perimeter of the opening 222a in the lock plate 222. 
Thereby, the lock plate 222 and the coupling shafts 221 , 

20 225 move rearward under the elastic force of the coil 
spring 226. Consequently, the combiner 202 moves to 
the use position and the movable cover 212 moves to 
the open position. The release button 231a can be 
depressed by a solenoid or an actuator. 

25 When the combiner 202 is moved to the retracted 
position against the elastic force of the coil spring 226. 
the lock plate 222 and coupling shafts 221, 225 move 
fonwards. Thereby, the movable cover 212 moves to a 
closed position. Furthermore, when the inner perimeter 

30 of the opening 222a in the lock plate 222 is hooked onto 
the front end 232a of the lock hook 232, the projection 
opening 205a is maintained in a closed state. The rear 
end of the lock hook 232 has an oblique surface 232b 
such that it does not prevent forward movement of the 

35 lock plate 222. 

In cases where the combiner 202 contacts the 
spring plate 230 in the retracted position, a rubber pad 
or the like is preferably interposed between the com- 
biner 202 and the plate spring 230. 

40 According to the third modification, since the com- 
biner 202 and the movable cover 212 work together by 
means of a coupling mechanism, ease of operation can 
be improved. 

45 (Fourth modification) 

Fig. 22 shows a fourth modification. The difference 
from the aforementioned third modification is that the 
movable cover 212 moves longitudinally between an 

50 open position and a closed position. Specifically, the 
movable cover 212 is attached movably in the longitudi- 
nal direction to the housing 205 via a guide 250. One 
end of a swing rod 251 is attached swingably around a 
vertical axis 252 to the housing 205. The other end of 

55 this swing rod 251 is attached swingably around a verti- 
cal axis 253 to the movable cover 212 via an elongated 
hole 212'. Between the two ends, the swing rod 251 is 
attached swingably around a vertical axis 256 to the 
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rear end of a coupling shaft 255 via an elongated hole 
255'. The front end of this coupling shaft 255 is coupled 
to the lock plate 222. Thereby, the movable cover 212 
works with the combiner 202. Apart from this, the fourth 
modification is the same as the third modification. 5 

(Fifth modification) 

Rg. 23. Fig. 24. Fig. 25 and Fig. 26 show a head-up 
display 401 for a car according to a fifth modification. 10 

The head-up display 401 illustrated in Fig. 23 com- 
prises a housing 405. and a combiner 402 attached to 
this housing via hinges 406. and it is able to form a vir- 
tual image which is an object of observation similarly to 
the aforementioned embodiment. An image display is 
device 403, control circuit board 407, mirror 408. and a 
fan 409 are provided inside the housing 405. 

The housing 405 is formed by connecting an upper 
and a tower member 405 A and 405B. A projection win- 
dow 405a for image display light is formed In the hous- 20 
ing 405 and it is covered by a transparent cover 405b. 

The display device 403 comprises a liquid-crystal 
display panel 41 1 and a light source 412 for back-light- 
ing positioned opposed to this liquid-crystal display 
panel 411. The liquid-crystal display panel 411 and the 25 
light source 412 for back-lighting form independent 
units. 

As shown in Fig. 24. the liquid -crystal display panel 
411 comprises a panel main unit 411a containing a 
polarizing film, a light diffusion plate 411b positioned 30 
between the panel main unit 411a and the light source 
412. and a holder 411 d which holds the panel main unit 
411a and the light diffusion plate 41 1b. The panel main 
unit 41 la is formed by injecting liquid crystal between a 
pair of glass substrates. The holder 41 Id is installed on 35 
the base 405' of the housing 405. Electrodes for the pic- 
ture elements formed on the panel main unit 411a are 
connected to the aforementioned circuit board 407 by 
means of wires 41 1 e. The liquid-crystal display panel 
411 displays an image according to an image signal 40 
supplied by the circuit 407. 

As shown in Fig. 25. the light source 412 for back- 
lighting comprises a case 412a installed on the afore- 
mentioned base 405', a tubular bulb 412b provided 
inside this case 412a, a holder 412c for supporting the 45 
tubular bulb 412b, a infra-red-excluding filter 412d cov- 
ering an opening 412a* formed in the case 412a, and a 
reflective plate 412e for reflecting light for back-lighting 
emitted by the tubular bulb 412b. Light emitted by the 
tubular bulb 41 2b is transmitted by the liquid-crystal dis- so 
play panel 41 1 to form image display light. The filter 
41 2d cuts out the infra-red component of the light emit- 
ted by the tubular bulb 412b. The tubular bulb 412b is 
connected to a power supply via a power control circuit 
(omitted from drawing). 55 

As shown in Fig. 26, the liquid-crystal display panel 
41 1 and the light source 412 are separated by a gap in 
the direction perpendicular to the screen 41 V of the liq- 



uid-crystal display panel 41 1 . The liquid -crystal display 
panel 41 1 and light source 412 are longitudinally paral- 
lel, and the screen 411* runs in a lateral direction. 
Thereby, a space 420 is formed between the fitter 41 2d 
and the diffusion plate 411b. This space 420 Is open at 
the top and the left- and right-hand sides thereof, and it 
is closed by the base 405' at the tx>ttom side thereof. 
Since the surface of the filter 41 2d and the surface of 
the light diffusion plate 41 lb are parallel, the gap in the 
space 420 in the direction perpendicular to the screen 
41 1 • is approximately uniform. 

The aforementioned fan 409 is an axial-flow type 
fan. The rotating blades 409a of the fan are driven in 
rotation by a drive circuit which Is omitted from the draw- 
ings. As indicated by the two<lot broken arrow In Fig. 
26, this fan 409 generates an air flow passing through 
the space 420. The fan 409 faces the air outlet 420a of 
the space 420. Air is expelled from the space 420 along 
the screen 41 1 ' due to the air flow generated by the fan 
409. The fan 409 may also be positioned facing the air 
inlet 420b of the space 420. 

An air inlet 425 is formed in the housing 405 in 
order to introduce external air into the housing 405. The 
air inlet 425 is provided in the vicinity of the air inlet 420b 
of the space 420. 

A discharge outlet 430 is formed in the housing 405 
in order to discharge air from the housing 405. This dis- 
charge outlet 430 faces the air outlet 420a of the space 
420. The fan 409 is positioned between the discharge 
outlet 430 and the space 420. 

Rns 431 are provided at the discharge outlet 430. 
These fins 431 change the flow of the discharged air 
such that the discharged air travels in a forward direc- 
tion from the discharge outlet 430. 

The air flow in the space 420 Is generated such that 
it forms a laminar flow. 

Generally, a fluid body forms a laminar flow when 
Re (the Reynolds number) is approximately 2000 to 
2300 or below. 

The Reynolds number for air flowing in the space 
420 t>etween the parallel surfaces described at>ove is 
Re = V • d/v . Here, v is the average flow speed of the 
air (m/s), d is the size of the gap In the space 420 in the 
direction perpendicular to the screen 41 1 and v Is the 
kinematic viscosity coefficient of the air. 

The surface of the filter 41 2d and the surface of the 
light diffusion plate 411b forming the space 420 are 
formed as sufficiently smooth surfaces with no uneven- 
ness and little roughness, so that they do not disturb the 
air flow. 

The kinematic viscosity coefficient v of the air 
(m^/s). is 15.01 X 10'^ at 20 *»C, and it increases as the 
temperature rises. Therefore, the rotational speed of the 
fan 409 Is set such that v (m/s) x d (mm) = 30 or less . 
Thereby, since the Re number is 2000 or less at room 
temperature or above, the air flow can be made to form 
a laminar flow. 

According to the aforementioned fifth modification. 
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since the flow of air discharged from the outlet 430 of 
the housing 405 is changed such that it travels in a for- 
ward direction, it is possible to reduce the air discharge 
noise heard by the driver compared to a case where the 
air is discharged in a lateral direction. 5 

In cases where the head-up display 401 is posi- 
tioned on the dashboard of an automobile, an air flow 
due to the defroster is present in front of the head-up 
display 401. Therefore, the air flow from the discharge 
outlet 430 can be made to flow into the whole cabin. io 

Due to the presence of an air flow in the space 420 
between the liquid -crystal display panel 41 1 and the 
light source 412, it is possible to prevent the air in the 
space 420 from reaching a high tennperature due to 
heat radiation from the light source 412. Furthermore, is 
there is no direct heat conduction between the fight 
source 412 and the liquid-crystal display panel 411 
except heat conduction via the base 405'. Therefore, it 
is possible to reduce the amount of heat transferred to 
the liquid-crystal display panel 411. 20 

Since the airflow in the space 420 is a laminar flow, 
there is no flow of air perpendicular to this flow direction. 
Therefore, heat transfer due to air flow perpendicular to 
this flow direction can be eliminated, and the amount of 
heat transferred to the liquid-crystal display panel 41 1 25 
can be reduced. 

Since the infra-red component in the ligtit emitted 
by the light source 412 can be cut out by means of the 
filter 41 2d. the amount of heat transferred to the liquid- 
crystal display panel 41 1 can be reduced. 30 

The fan 409 generates an air flow along the screen 
41V forming the space 420. Therefore, since the flow 
path of the air is not unnecessarily bent, there is little 
flow path resistance. Furthermore, since the discharge 
outlet 430 and the air flow outlet 420a of the space 420 35 
face each other, there is little flow path resistance 
between outlet 420a and discharge outlet 430. There- 
fore, the amount of heat transferred to the liquid-crystal 
display panel 411 can be reduced efficiently. The fan 
409 can also be reduced in size. 40 

Thereby, the head-up display 401 can form clear 
images, it produces little noise, and it is contact. 

(Sixth modification) 

45 

Fig. 27, Fig. 28 and Fig. 29 show a sixth modifica- 
tion. This sixth modification comprises a light source 
513 for back-lighting which differs from the light source 
412 for back-lighting according to the fifth modification, 
apart from which it is the same as the fourth modif lea- so 
tion. 

The light source 513 for back-lighting comprises a 
box -shaped case 51 2. a tubular bulb 531 , such as a hal- 
ogen lamp, or the like, a reflective plate 532 for reflect- 
ing light for back-lighting emitted from this tubular bulb ss 
531. a holder 533 for holding the tubular bulb 531 and 
reflective plate 532. and plate-shaped power supply ter- 
minals 534. This holder 533 comprises a base plate 



533a. and side plates 533b extending upwards from the 
left and right-hand edges of the base plate 533a. The 
tubular bulb 531 and the reflective plate 532 are held by 
the side plates 533b. Electricity terminals 534 con- 
nected to the tubular bulb 531 are installed on the side 
plates 533b. Knobs 533d for holding the light source 
513 are attached to the under side of the base plate 
533a. 

The case 512 comprises front and rear side walls 
and left and right side walls fixed onto the base 405' of 
the housing 405. and an upper wall which covers the 
upper opening of these side walls. This case 512 is 
made from a material capable of cutting out infra-red 
light, such as stainless steel, for example. As shown in 
Fig. 27, the case 512 has an opening 512a facing the 
liquid-crystal display panel. This opening 512a is cov- 
ered by an infra-red-excluding filter 512b. Small win- 
dows 512c which allow internal heat to escape are 
formed in the side opposite to the liquid-crystal display 
panel. The aforementioned power supply terminals 525 
are installed on the left and right side walls. These 
power supply terminals 525 are formed in a bowed plate 
shape projecting inside the case 512. and they are con- 
nected via wires 526 to a power source which is omitted 
from the drawing. 

As shown in Fig. 28 and Fig. 29, an opening 440 
communicating with the case 512 is formed in the base 
405' of the housing 405. This opening 440 can be 
opened and closed by means of a lid 441. The opening 
440 is slightly larger in size than the base plate 533a of 
the light source 513. Therefore, the light source 513 can 
be inserted Into the case 512 from outside the housing 
405 via this opening 440. Furthermore, as shown by the 
hypothetical lines in Fig. 28, the light source 513 can 
also be removed out of the housing 405 from inside the 
case 512. The light source 513 is held by the aforemen- 
tioned knobs 533d during insertion and removal. 

When the light source 513 is inserted into the case 
512, the electricity terminals 534 connect with the 
power supply terminals 525. When the light source 513 
is removed from the case 512, the connection between 
the electricity terminals 534 and the power supply termi- 
nals 525 is broken. 

When the light source 513 is inserted Into the case 
512, the power supply terminals 525 undergo elastic 
deformation. The power supply terminals 525 are 
pressed against the light source 513 by elastic force 
based on the elastic deformation. Thereby, the light 
source 513 can be fixed to the housing 405. When the 
light source 513 Is pulled out from the case 512 against 
the elastic force, the fixing between the fight source 513 
and the housing 405 is released. Specifically, the light 
source 513 can be fixed to and released from the hous- 
ing 405 by inserting the light source 513 into the hous- 
ing 405 and pulling It out from the fiousing 405. 

According to the aforementioned composition, 
since nearly all of the infra-red light emitted by the light 
source 513 inserted into the case 512 can be cut out by 
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the case 51 2. it is possible to reduce detrimental effects 
due to heat radiation from the light source 513. 

Furthermore, the light source 513 can readily be 
removed from the housing 405, inserted into the hous- 
ing 405, and fixed to the housing 405. Therefore, main- s 
tenance operations, such as changing the tubular bulb 
531 , can be carried out readily. 

Moreover, by inserting the light source 513 into the 
housing, the power supply terminals 525 and the elec- 
tricity terminals 534 connect, and by removing the light w 
source 513 from the housing, the connection between 
the power supply terminals 525 and the electricity termi- 
nals 534 is broken. In other words, the light source 513 
can be inserted and removed without wiring operations. 

The present invention is not limited to the afore- is 
mentioned embodiment and modifications. 

For example, in the aforementioned embodiment, a 
recess section 40 is provided in the head-up display and 
a projecting section 41 is provided in the first supporting 
section, but Instead of this, the projecting section can be 20 
provided in the head-up display and the recess section 
can be provided in the first supporting section. 

Moreover, in the aforementioned embodiment, the 
whole head-up display is installed on a supporting sur- 
face by means of an installation mechanism, txjt instead 25 
of this. It Is possible that only the display device emitting 
image display light is installed on the supporting surface 
via the installation mechanism, and the combiner is sep- 
arated from the display device. Alternatively, it is possi- 
ble only the combiner is installed on the supporting 30 
surface via the installation mechanism, and the display 
device is separated from the combiner. Thereby, since 
the installation angle of the combiner with respect to the 
supporting surface can be changed and adjusted 
according to the driver's physical build and position, the 35 
driver is able to view the displayed virtual images 
clearly. 

Furthermore, the third supporting section can be 
installed on the first supporting section such that it Is 
rotatable around at least one axis other than the yaw 40 
axis, and the \h\r6 supporting section can be installed 
on the second supporting section such that It Is movable 
in a spherical plane. 

If the third supporting section is installed on either 
the first supporting section or second supporting sec- 45 
tion such that it can only move rotatably, this rotational 
movement can be divided at prescribed angles by 
means of a ratchet and hook. 

Apart from a car, the present invention can also be 
applied to an installation mechanism for a head-up dis- so 
play mounted in a ship, for example. 

Furthermore, the head- up display according to the 
present invention can be mounted in a means of trans- 
port other than a car. The content of the Images dis- 
played on the head-up display according to the present 55 
Invention Is not limited to navigatbn infornnatlon. 



Claims 

1. A head-up display having an installation mecha- 
nism, comprising: 

a head-up display (1). and 
an Installation mechanism (11) for installing 
this head-up display (1) on a supporting sur- 
face (10); wherein 

the installation mechanism (11) comprises a 
first supporting section (12) installed detacha- 
bly on the head-up display (1) and a second 
SMpporting section (13) installed detachably on 
the supporting surface (10); 
the first supporting section (12) and the second 
supporting section (13) are connected such 
that they can be moved relative to each other; 
a receiving section (31a, 31b, 31c, 31d) is pro- 
vided on the under side of the head-up display 
(1); 

the receiving section (31a. 31b, 31c. 31 d) has a 
receiving surface (33) which faces the under 
side of the head-up display (1 ) via a gap; 
the first supporting section (12) comprises a 
Inserting section (35) which is forced remova- 
bly along the under side of the head-up display 
into the gap between the under side of the 
head-up display (1) and the receiving surface 
(33); and 

the under side of the head-up display (1) 
engages with the upper surface of the first sup- 
porting section (12) by means of the force fit of 
the inserting section (35) Into the gap. 

2. The head-up display having an Installation mecha- 
nism according to claim 1 . wherein 

a recess section (40) is formed in either the 
under side of the head-up display (1) or the 
upper surface of the first supporting section 
(12). and a projecting section (41) is formed in 
the other of these; 

during the force fit of said inserting section (35) 
Into said gap, the projecting section (41) 
causes the upper surface of the first supporting 
section (12) to separate from the under side of 
the head-up display (1), whereby the first sup- 
porting section is able to undergo elastic defor- 
mation; 

the elastic deformation of the first supporting 
section (12) can be reverted by means of the 
fitting of the projecting section (41) Into the 
recess section (40); 

the projecting section (41) engages vnth the 
inner surface of the recess section (40) such 
that the head-up display (1) is prevented from 
moving in the direction in which said inserting 
section (35) is removed from said gap; and 
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in a state where the projecting section (41) is 
fitted into the recess section (40). the head-up 
display (1) is prevented from moving in the 
direction in which said inserting section (35) is 
forced into said gap. 5 

3. The head-up display having an installation mecha- 
nism according to claim 1 , wherein 

a third supporting section (14) attached to the io 
first supporting section (12) and second sup- 
porting section (13) is provided; 
the third supporting section (14) is attached to 
either the first supporting section (12) or sec- 
orKJ supporting section (13) via sliding surface is 
(14a. 16a, 16b, 1 8a) consisting of a portion of a 
spherical plane, such that it can move relatively 
in a spherical plane; and 
the third supporting section (14) is attached to 
the other of the first supporting section (1 2) and 20 
second supporting section (13) such that it is 
rotatable around at least one axis apart from a 
yaw axis (Y), which passes through the centre 
of the spherical plane and is perpendicular to 
said supporting surface (10). 25 

4. The head-up display having an installation mecha- 
nism according to claim 1. wherein 

image display light emitting means and a com- 30 
biner (3) for changing the light path of the 
image display light are provided; and 
at least one of the image display light emitting 
means and combiner (3) is installed on said 
supporting surface (10) by means of said 35 
installation mechanism (11). 

5. The head-up display having an installation mecha- 
nism according to claim 3. wherein 

40 

either the first supporting section (12) or sec- 
ond supporting section (13) is pressed against 
the third supporting section (14) by means of a 
first connecting section (18) having a sliding 
surface ( 1 8a) consisting of a portion of a spher- 45 
leal plane which Is concentric with said spheri- 
cal plane; 

the other of the first supporting section (12) and 
second supporting section (13) is pressed 
against the third supporting section (14) by so 
means of a second connecting section (19) 
having a sliding surface (19e) consisting of a 
portion of a spherical plane which is concentric 
with said spherical plane; and 
at least one of the connecting sections (1 8, 1 9) 55 
Is located on the Inner side of at least one of 
said sliding surfaces (14a. 16a. 16b, 18a). 



6. The head-up display having an installation mecha- 
nism according to claim 1. further comprising a 
combiner (202) positioned in front of an observer, 
image display light emitting means (203), a housing 
(205) having a projection opening (205a) facing in 
an upward direction, and a transparent cover (209) 
which covers this projection opening (205a). 
wherein 

a virtual image which is an object of observa- 
tion is formed in front of the combiner (202) by 
changing the light path of the image display 
light (L) emitted from the housing (205) via the 
projection opening (205a). by means of the 
combiner (202); 

means (208) for changing the light path of the 
image display light (L) is provided below the 
transparent cover (209) such that the image 
display light (L) emitted from the projection 
opening (205a) travels in an oblique forward 
and upward direction; and 
the position of the transparent cover (209) with 
respect to said image display light emitting 
means (203) and said light path changing 
means (208) is determined such that when the 
tight path of image display light (L) reflected at 
the lower surface of the transparent cover (209) 
is changed by said light path changing means 
(208). said image display light reaches a posi- 
tion below the range of the forward field of view 
of the observer. 

7. The head-up display according to claim 6. wherein 
the position of the transparent cover (209) with 
respect to said image display light emitting means 
(203) and said light path changing means (208) is 
determined such that when the light path of image 
display light (L) reflected at the lower surface of the 
transparent cover (209) is changed by said com- 
biner (202) after being changed by said light path 
changing means (208). said image display light 
reaches a position below the range of the forward 
field of view of the observer. 

8. The head-up display according to claim 6. wherein 
the position of the transparent cover (209) with 
respect to said Image display light emitting means 
(203) and said light path changing means (208) is 
determined such that when the light path of image 
display light (L) reflected at the tower surface of the 
transparent cover (209) is changed by said light 
path changing means (208), said image display 
light reaches a position below the transparent cover 
(209). 

9. The head-up display having an Installation mecha- 
nism according to claim 6, further comprising a 
cover (212) which bloci^s external light reflected by 
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the upper surface of the transparent cover (209) 
after passing through the combiner (202) such that 
the light does not reach the observer's eyes. 

10. The head-up display having an installation mecha- 
nism according to claim 1. further comprising a 
combiner (202) positioned in front of an observer, 
image display light emitting means (203). and a 
housing (205) having a projection opening (205a) 
facing in an upward direction; wherein 

a virtual image which is an object of observa- 
tion is formed in front of the combiner (202) by 
changing the light path of image display light 
(L) projected from the housing (205) via the 
projection opening (205a) by means of the 
combiner (202); 

the image display light (L) is projected from the 
projection opening (205a) such that it travels in 
an oblique forward and upward direction; 
a movable cover (212) which can be moved 
between a closed position and an open posi- 
tion is provided between the combiner (202) 
and the observer; 

the moveable cover (212) is positioned such 
that when it is in the closed position, it closes 
the rear side of the projection opening (205a) to 
block at least a portion of the image display 
light (L), and when it is in the open position, it 
does not block any of the image display light 
(L): 

the combiner (202) is movable between a use 
position and a retracted position; and 
the light path of the image display light (L) pro- 
jected from the projection opening (205a) is 
changed by the combiner (202) in the use posi- 
tion, such that the image display light (L) is 
directed to the observer, and the front side of 
the projection opening (205a) is closed by the 
combiner (202) in the retracted position. 

• 11. The head-up display having an installation mecha- 
nism according to claim 10, further comprising 
means (220) for coupling the combiner (202) and 
the movable cover (212) such that when the com- 
biner (202) moves to the use position, the movable 
cover (2 1 2) moves to the open position, and when 
the combiner (202) moves to the retracted position, 
the movable cover (212) moves to the closed posi- 
tion. 

12. The head-up display having an installation mecha- 
nism according to claim 1, further comprising a 
combiner (402) positioned in front of the observer, 
image display light emitting means (403). and a 
housing (405) containing the emitting means (403); 
wherein 



a virtual image which is an object of observa- 
tion is formed by changing the light path of the 
image display light by means of the combiner 

(402); 

5 the image display light emitting means (403) 

comprises liquid-crystal display means (411) 
and a light source (412) for back-lighting posi- 
tioned so as to oppose to the liquid-crystal dis- 
play means (41 1); 

10 air current generating means (409) for forcibly 

generating an air current is provided inside the 
housing (405); 

a discharge outlet (430) for discharging the air 
current from said housing (405) is provided in 

IS the side of the housing (405) ; and 

means (431) for changing the direction of the 
air current discharged from this discharge out- 
let (430) is provided, such that the air current 
travels in a forward direction from the discharge 

20 outlet (430). 

13. The head-up display having an installation mecha- 
nism according to claim 1. further comprising a 
combiner (402) positioned in front of the observer. 

25 and an image display light emitting means (403); 
wherein 

a virtual image which is an object of observa- 
tion is formed by changing the light path of the 
30 image display light by means of the combiner 

(402); 

the image display light emitting means (403) 
comprises liquid -crystal display means (411) 
and a light source (412) for l>ack-lighting posi- 
35 tioned so as to opposed to the liquid-crystal 

display means (411); 

a space (420) Is formed between the liquid- 
crystal display means (411) and the light 
source (412); 

40 means (409) for forcibly generating an air cur- 

rent passing through the space (420) is pro- 
vided; and 

the air current is generated such that it forms a 
laminar flow in the space (420). 

45 

14. The head-up display having an installation mecha- 
nism according to daim 1, further comprising a 
combiner positioned in front of the observer, image 
display light emitting means, and a housing (405) 

50 which contains the image display light emitting 
means; wherein 

the image display light emitting means com- 
prises liquid-crystal display means and a light 
55 source (513) for back-lighting which shines 

light for back-lighting onto the liquid-crystal dis- 
play means; 

a virtual image which is an object of observa- 
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tion is formed by changing the light path of the 
image display light by means of the combiner; 
a case (512), which can block at least a portion 
of the Infra-red light emitted from the light 
source (513) for back-lighting, is provided 5 
inside the housing (405); 
an opening (440) leading inside the case (512) 
is provided in the housing (405); and 
the light source for back-lighting can be 
inserted into the case (512) from outside the io 
housing (405) and it can be removed out of the 
housing (405) from inside the case (512), via 
the opening (440). 
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